ABSTRACT : The seminiferous epithelium cycle and developmental stages of spermatids in Clethrionomys rufocanus were observed under a light microscope. The seminiferous epithelium cycle was divided into 8 stages. Type Ad spermatogonia appeared through all stages. Type Ap, In, and B spermatogonia appeared in stages Ⅰ, Ⅱ, Ⅲ, and Ⅳ. In the first meiosis prophase, the leptotene spermatocytes appeared from stage Ⅴ, the zygotene spermatocytes in stages Ⅰ, Ⅵ, Ⅶ, Ⅷ, the pachytene spermatocytes from stages Ⅱ to Ⅵ, the diplotene spermatocytes in stage Ⅶ. The meiotic figures and interkinesis spermatocytes were observed in stage Ⅷ. Developing spermatids were subdivided into 10 steps, based on the morphological characteristics such as the acrosome formation changes in spermatozoa, nucleus, cytoplasm, and spermiation changes. The C. rufocanus spermatocytogenesis and spermiogenesis results displayed similar results with Apodemus agrarius coreae and A. speciosus peninsulae. Considering all the results, the spermatogenesis may be useful information to analyze the differentiation of spermatogenic cells and the breeding season.
INTRODUCTION
Mammalian spermatogenesis is a complicated and elaborate cytological process by which diploid (2n) called spermatogonia undergo meiosis and produce haploid (n) spermatids Paula et al., 1999; Calvo et al., 2000; Pinart et al., 2000 Pinart et al., , 2001 .
A study on the process of seminiferous epithelium division is the basis to understand the mechanism, the stages of spermatogenesis (Berndtson, 1977) , and the morphological characteristics of developing gametes to classify species Kim & Lee, 2009 ).
In mammals, the process of spermatogenesis varies among species and differs between seasonality. It is known to be sensitive to temperature and hormonal fluctuations. It differs between hibernating and non-hibernating mammals. The former allows simultaneous synchronous development showing systematic division at all stages of the same type cells in seminiferous tubules (Lee & Son, 1993; Lee & Mōri, 2004) . While the latter allows non synchronous development showing different type cells in the seminiferous tubule at different stages. The hormonal and protein control mechanisms produce spermatogonia in certain stages and work when spermatogenic cells remain connected to other cells by bridges of cytoplasm, interacting with Leydig cells, Sertoli cells, and other gametes and a constant supply of functional cells occur (de Rooij & Grootegoed, 1998; Weinbauer & Wessels, 1999; Garcia-Gil et al., 2002) .
Conversely, research on the seminiferous epithelium cycle in mammals such as opossum, Didelphis azarae (Orisi & Ferreira, 1978; Worawittayawong et al., 2005 ), Watase's shrew, Crocidura watasei (Adachi et al., 1992) , Djungarian hamster, Phodophus sungorus sungorus (van Haaster & de Rooij, 1993) , Musk shrew, Suncus murinus (Kurohmaru et al., 1994) , Japanese shrew mole, Urotrichus talpoides (Mizukami et al., 2001) , Mongilian gerbil, Meriones unguiculatus (Segatelli et al., 2002) , Korean squirrel, Tamias sibiricus (Jung & Lee, 2004) , Crocidura shantungensis (Jeong & Lee, 2005) , Crocidura dsinezumi (Jeong & Lee, 2006) , Apodemus agrarius coreae (Lee, 2007) , Apodemus speciosus peninsulae (Kim & Lee, 2009) 
MATERIALS AND METHODS
5 male Clethrionomys rufocanus, for this study, were caught in a Sherman trap from Mount Jiri (altitude of 1,000 to 1,100m) in Gyeongnam, Korea, were transported to the laboratory, and anesthetized with chloroform to extract a testicular tissue from each. The testicular tissues were placed in 3% of glutaraldehyde solution (4℃, pH 7.4, Millong's buffer) for two hours to get the tunicae albugineae incised. The testicular tissues were then rinsed for 10 minutes thrice in pH 7.4, Millong's buffer and 1 to 1.5 mm 3 incision was made. They were fixed in the same solution (3% glutaraldehyde) again for three hours.
Fixed tissues were rinsed in solution (pH 7.4, Millong's buffer) for 10 minutes thrice and were fixed again in 1.33%
OsO 4 (pH 7.4, Millong's buffer). The re-fixed tissues were rinsed in the same solution for 10 minutes thrice and dewatered in acetone (60-100%). Afterwards the tissue samples were placed in Epon 812 and sections were cut at 400 nm thick on a ultra microtome (MT-6000, Sorvall, Dupont). The resulting tissue sections were stained with 0.5% of toluidine and were analyzed by microscopy.
RESULTS
The Clethrionomys rufocanus' seminiferous epithelium cycle during spermatocytogenesis and spermiogenesis is divided into 8 stages (Figs. 1(a-h), 2). The spermiogenesis process is divided into 10 steps based on the morphological change in the nucleus and cytoplasm, the formation of head and tail, in spermatids; the Golgi phase (steps 1 and 2), the cap phase (steps 3 and 4), the acrosomal phase (steps 5 and 6), the maturation phase (steps 7 and 8), and the spermiation phase (steps 9 and 10). showing further elongated cells with condensed and more equalized nuclei (Fig. 1h) .
DISCUSSION
This study was based on mitosis, meiosis, and three continuous processes after meiosis. From observing the acrosome formation change in the spermatids, nucleus, and cytoplasm during the spermiation (Kurohmaru et al., 1988; Adachi et al., 1992; van Haaster & de Rooil, 1993) , where spermatozoa are released from the Sertoli cells, the findings are as follows: seminiferous epithelium cycle of Clethrionomys rufocanus has 8 stages and spermatogenesis had 10 phases (Figs. 1, 2) . The Clethrionomys rufocanus's seminiferous epithelium cycle is divided into 8 stages and the spermatids process is divided into 10 steps based on the morphological change in spermatids; the Golgi phase (steps 1 and 2), the cap phase (steps 3 and 4), the acrosomal phase (steps 5 and 6), the maturation phase (steps 7 and 8), and the spermiation phase (steps 9 and 10). Each phase was differentiated between early and late steps, dividing spermiogenesis into 10 phases (Figs. 1, 2 ).
Comparing the seminiferous epithelium cycle in Clethrionomys rufocanus with other rodents, the Clethrionomys rufocanus had the shortest cycle, with only eight stages (Figs. 1, 2 and Table 1 ). The Crocidura shantungensis (Jeong & Lee, 2005 ) had 14 stages and Suncus murinus (Kurohmaru et al., 1994) had 13 stages. Crocidura watasei (Adachi et al., 1992) , Phodopus sungorus sungorus (van Haaster & de Rooij, 1993) , Urotrichus talpoides (Mizukami et al., 2001 ),
Meriones unguiculatus (Segatelli et al., 2002) , Tamias sibiricus (Jung & Lee, 2004) and Crocidura dsinezumi (Jeong & Lee, 2006) had 12 stages. Didelphis azarae (Orisi & Ferreira, 1978) and Apodemus agrarius coreae (Lee, 2007) had 10 stages. Bandicota indica (Worawittayawong et al., 2005) and Apodemus speciosus peninsulae (Kim & Lee, 2009 ) had 9 stages (Table 1 ).
The Crocidurinae had longer cycles than the muroids, but the Clethrionomys rufocanus exhibited the shortest cycle ( Table 1) . The difference in spermatogenesis is related to the breeding season (Jeong & Lee, 2005 ) the same family level has almost similar cycle to complete spermiation, which is inferred from specific characteristics in species (Adachi et al., 1992; Kurohmaru et al., 1994) . Therefore, the seminiferous epithelium cycle can give useful information to acknowledge maturation in spermatids and breeding season. Particularly, Apodemus agrarius coreae shows 10 stages (Lee, 2007) and A. speciosus peninsulae shows 11 stages (Kim & Lee, 2009) and Clethrionomys rufocanus showed 8 stages, which for survival strategy means they want to preserve its kinds and regulate breeding.
From the previous research and this research, type Ad spermatogonia appeared in all stages, in all species (Table   2) , which proves all rodents show common spermatogonia as Lee (2007) stated. Clethrionomys rufocanus, type Ap spermatogonia appeared in stage Ⅰ (Fig. 2) , and it confirms seminiferous epithelium cycle has the shortest cycle as Table 2 shows.
Comparing type In spermatogonia appearance, the Japanese shrew mole, Urotrichus talpoides (Mizukami et al., 2001) had it in stage Ⅰ and Clethrionomys rufocanus showed it in stage Ⅱ, which is faster than other rodents (Table 2 ).
As Levy et al.,1999; Toyama et al., 1999; Pinart et al., 2000) . For each species, zygotene spermatocyte appears at a different time throughout stages Ⅰ to ⅩⅣ, but Clethrionomys rufocanus had zygotene spermatocyte in stages Ⅰ, Ⅵ, Ⅶ, Ⅷ (Table 3 ). In addition, pachytene spermatocyte were widely observed throughout all stages; from Ⅰ to Ⅻ for
Bandicota indica, Phodopus sungorus, Urotrichus talpoides, Tamias sibiricus, Crocidura watasei, Suncus murinus, Crocidura shantungensis, but in Clethrionomys rufocanus
it occurred in stage II, Apodemus agrarius coreae and A.
speciosus peninsulae had them in stages Ⅲ, Ⅶ, Ⅷ respectively. It means that zygotene spermatocyte appear slightly later. This result shows that Apodemus agrarius coreae, A. speciosus peninsulae, and Clethrionomys rufocanus have species-specific characteristics (Table 3) .
At stage Ⅶ, diplotene spermatocyte was observed, which is the fastest than in other species. Stage 8 shows metaphase and interkinesis spermatocyte in the first meiotic division, which is also the fastest (Table 3) . Considering at what stages spermatogonia and spermatocytes appear, Clethrionomys rufocanus had similar results with Apodemus agrarius coreae, A. speciosus peninsulae. This indicates they are closely related.
As Table 4 shows, Opossum, Didelphis azarae (Orisi & Ferreira, 1978) , Crocidura shantungensis (Jeong & Lee, 2005) , Meriones unguiculatus (Segatelli et al., 2002) had 15 phases for spermiogenesis, whereas Crocidura dsinezumi (Jeong & Lee, 2006 ) had 14 phases. Watase's shrew, Crocidura watasei (Adachi et al., 1992) and the musk (Orisi & Ferreira, 1978) ; 2, Crocidura watasei (Adachi et al., 1992) ; 3, Phodophus sungorus sungorus (van Haaster & Rooij, 1993) ; 4, Suncus murinus (Kurohmaru et al., 1994) ; 5, Urotrichus talpoides (Mizukami et al., 2001 ); 6, Meriones unguiculatus (Segatelli et al., 2002) ; 7, Tamias sibiricus (Jung & Lee, 2004) ; 8, Bandicota indica (Worawittayawong et al., 2005) ; 9, Crocidura shantungensis (Jeong & Lee, 2005) ; 10, Crocidura dsinezumi (Jeong & Lee, 2006) ; 11, Apodemus agrarius coreae (Lee, 2007) ; 12, Apodemus speciosus peninsulae (Kim & Lee, 2009 ); 13, Clethrionomys rufocanus.
shrew, Suncus murinus (Kurohmaru et al., 1994) had 13 phases. Djungarian hamster, Phodophus sungorus (van Haaster & Rooij, 1993) and the Japanese shrew mole, Urotrichus talpoides (Mizukami et al., 2001) , the Korean squirrel, Tamias sibiricus (Jung & Lee, 2004) , and the Apodemus speciosus peninsulae (Kim & Lee, 2009 ) had 12 phases. Except for the bandicoot rat, Bandicota indica (Worawittayawong et al., 2005) , Apodemus agrarius coreae (Lee, 2007) and Clethrionomys rufocanus has the shortest number of phases with 10 (Table 4) . (Orisi & Ferreira, 1978) ; 2, Crocidura watasei (Adachi et al., 1992) ; 3, Phodophus sungorus sungorus (van Haaster & Rooij, 1993) ; 4, Suncus murinus (Kurohmaru et al., 1994) ; 5, Urotrichus talpoides (Mizukami et al., 2001 ); 6, Meriones unguiculatus (Segatelli et al., 2002) ; 7, Tamias sibiricus (Jung & Lee, 2004) ; 8, Bandicota indica (Worawittayawong et al., 2005) ; 9, Crocidura shantungensis (Jeong & Lee, 2005) ; 10, Crocidura dsinezumi (Jeong & Lee, 2006) ; 11, Apodemus agrarius coreae (Lee, 2007) ; 12, Apodemus speciosus peninsulae (Kim & Lee, 2009 ); 13, Clethrionomys rufocanus (Present studies). These results show that Clethrionomys rufocanus completes spermatogenesis faster than other rodents, which will affect their breeding since they are more active in producing spermatids. Although most mammals have a regulated typical structure for spermatogenesis, but between species they show different morphological characteristics and different number of spermatozoa to produce (Okwun et al., 1996; França et al., 1999) . Various mammals have their own species specificity in seminiferous epithelium cycle, number of stages to undergo for spermiogenesis, and timeline for the same type of spermatogonia to form (Adachi et al., 1992; Kurohmaru et al., 1994) . Considering all the results, the spermatogenesis may be useful information to analyze the differentiation of spermatogenic cells and the breeding season.
